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ABSTRACT
The NASA Earth Resources Technology Satellite 
(ERTS) program is considering the possible use 
of laser communications to transmit data between 
a satellite and earth. Such a transmission re­ 
quires a relatively clear line-of-sight between 
the satellite and a receiving station on earth. 
This study considers the effect of clouds on laser 
transmissions from space.
To get an indication of the receiving capabilities 
for a selection of ground receiving stations, the 
authors made a preliminary evaluation of the 
monthly mean percentage-of-possible-sunshine 
statistics. With a network of six stations opti­ 
mally placed, a satellite passing over the contig­ 
uous United States would generally be within 
range of three or more of the stations. With this 
choice of receiving stations the preliminary eval­ 
uation indicated a high probability of data receipt 
via laser communications.
To test the capability of such a network of ground 
stations more rigorously and to consider only the 
planned (morning) hours of ERTS passage, a 
simulated operation used 5 years of January and 
July data. A relationship was established be­ 
tween the reported opaque sky cover and the 
minutes of sunshine recorded in the hour in which 
the cloud observation was made. The simulations 
involved a series of hypothetical satellite cross­ 
ings over the United States. For each crossing, 
probabilities of clear line-of-sight were calcu­ 
lated from the opaque sky cover observations 
and the relationship established between opaque 
sky cover and sunshine.
I/ This report is also being published with the 
same title as NOAA Technical Memorandum 
NWS SOS 7.
The results are expressed in terms of cumulative 
frequencies for various percentages of clear line- 
of-sight conditions.
Results from the simulated operations indicate 
that, with the capability of choosing one from 
usually three or more ground stations for each 
satellite passage, clear line-of-sight probabilities 
are sufficiently high to support the concept of 
laser communications between space and earth.
INTRODUCTION
In connection with the Earth Resources Technol­ 
ogy Satellite (ERTS) program, the National 
Aeronautics and Space Administration, Goddard 
Spaceflight Center, is considering the use of laser 
communications to transmit data from space.
A relatively light-weight laser transmitter can 
send hundreds of times more information in a 
given period than a radio device of the same 
weight. One difficulty, however, is that a laser 
beam requires a clear line-of-sight between the 
transmitter and the receiving station. Clouds, 
except for some cirrus and long paths through the 
atmosphere, especially a turbid atmosphere, 
effectively block laser communications.
In this study, the probability of having a clear line- 
of-sight is investigated to assess the feasibility of 
successful laser communications from space to 
earth over the continental United States.
Since both sunshine recorders and laser communi­ 
cations require a clear line-of-sight, mean annual 
and monthly sunshine statistics from the Climatic 
Atlas of the United States (ESSA, Environmental 
Data Service, 1968) were used as a preliminary 
source of data in the study. Also used were the
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opaque sky cover, total sky cover, and hourly 
sunshine data for 5 years (1965-69) for selected 
stations.
SELECTION OF NETWORK RECEIVING STATIONS
As would be expected, sunshine statistics show 
that the expectancy of a clear line-of-sight is high 
over the Western United States but low, especially 
in winter, over the Eastern United States. Calcu­ 
lations using mean monthly sunshine indicate that, 
if a large percentage of data is required from each 
pass across the country, there must be at least 
three alternate receiving stations. These stations 
must be within range of the spacecraft, but suffi­ 
ciently far apart to be independent with respect to 
cloud cover.
Two main criteria were used in selecting an array 
of ground receiving stations: (1) the meteorologi­ 
cal suitability, i.e., a high percentage of possible 
sunshine, and (2) the spacing of the stations con­ 
sidering 1, 000 nautical miles to be the maximum 
range between the subpoint of the satellite and the 
ground station. Since the satellite altitude will be 
about 500 nautical miles, the 1, 000-mile maximum 
range will lead to elevation angles greater than 25 
degrees. Elevation angles of less than 25 degrees 
are considered too low for reliable laser commu­ 
nications.
On the basis of these two criteria, six stations 
were selected to form the test network used in 
this study. The stations are: Yuma, Ariz. (YUM), 
Lander, Wyo. (LND), Amarillo, Tex. (AMA), 
Evansville, Ind. (EVV), Tampa, Fla. (TPA), and 
Washington, D. C. (DCA).
These locations (fig. 1) are such that satellites, 
over all but the extreme northeast and northwest 
portions of the United States, are within range of 
at least three stations. Satellites over the extreme 
portions are within range of only two. The Central 
United States has areas where a satellite could be 
interrogated by four or more stations. Tests in­ 
dicate that sky cover at any station is essentially 
independent of that at any other station in the net­ 
work (table 1).
EVALUATION OF NETWORK RECEIVING 
CAPABILITY
A preliminary test of the receiving capability of 
the network was made with the assumption that the 
monthly mean percentage of possible sunshine is 
equivalent to the probability of having a clear line- 
of-sight to a satellite optical terminal. Table 2 
shows the resulting probability at each station and 
combined probabilities for selected two- and three- 
station combinations for midseason months. These 
preliminary results suggest a high probability of
successfully receiving laser signals from space if 
there is a choice from at least three stations with 
receiving capability.
It is possible, however, that sunshine frequency 
averaged over all hours of the day is significantly 
different from the frequency during the specific 
period each morning when the satellite will pass 
over the United States. To examine this possible 
diurnal cloud effect and to further evaluate the net­ 
work receiving capability, a simulated operation 
was conducted using 5 years of data for January and 
July. These months are considered typical for mid­ 
winter and midsummer conditions and are used to 
delineate seasonal differences. An arbitrary 
selection was made of 11 satellite paths, crossing 
the United States every 5 degrees. Figure 2 shows 
these paths superimposed over the receiving station 
network. The shaded areas indicate possible cov­ 
erage by two, three, and four, or more stations.
Actually, there will be about 26 degrees of lon­ 
gitude between consecutive passes; thus the United 
States can have no more than three passes on any 
one day. The satellite will precess westward so 
there will be a slight overlap of the previous day's 
coverage, and it will retrace a given path every 
18 days.
The satellite will traverse the United States at 
approximately 0900 local sun time on each pass. 
Figure 2 shows that, while the satellite may pass 
over one standard time zone, it will be within 
range of stations in adjacent time zones. Thus, a 
station may receive a signal from a satellite as 
early as 0800 or as late as 1000 local standard time. 
The insert in figure 2 shows the stations capable of 
receiving data for each simulated pass over the 
United States. The laser beam can be directed at 
only one receiving station at a time.
Success, during operational periods, depends on 
the presence of a clear line-of-sight for at least 
one network station within range of the satellite. 
Although the definition of "clear" will depend upon 
the particular laser communication system, the 
meteorological criteria in this study can give a 
useful statistical estimate of probability. Shortly 
before the satellite passes over the United States 
each ground station that will be within the satellite 
communication range will be interrogated as to its 
local clear line-of-sight condition. The station 
reporting the best condition will then be used (un­ 
less, of course, there is a prediction of rapidly 
approaching cloudiness), and a beacon from that 
station will be directed toward the satellite for 
acquisition and tracking purposes.
In an earlier investigation of clear line-of-sight, 
McCabe (1965) showed that recorded sunshine is
a function of both total cloud cover and the solar 
angle. He also made the assumption that the mean
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percentage of possible sunshine received is 
equivalent to the probability of a clear line-of- 
sight.
In our investigation, the minutes of sunshine for 
each hour were compared with the opaque and the 
total sky cover as reported for that hour. The 
opaque sky cover (the fraction of the sky totally 
obscured) proved to be a better indicator of the 
percent of possible sunshine than did the total 
sky cover, which includes thin clouds through 
which the sky can be seen. The correlation co­ 
efficients were 0. 88 for opaque sky cover and 
0. 78 for total sky cover. These results were 
expected since it is known that high thin cirrus 
clouds transmit sufficient sunlight to be recorded. 
Likewise, thin cirrus should pose no problem to 
laser operations.
Opaque sky cover is a convenient parameter be­ 
cause it can be determined by direct observation. 
Since it cannot be converted directly into prob­ 
ability of clear line-of-sight, seasonal regression 
equations (third degree polynomials) relating sun­ 
shine and reported opaque sky cover were devel­ 
oped (fig. 3). Of the six network stations only 
AMA, EW, and DCA had recorded hourly sun­ 
shine as well as opaque cloud cover. Salt Lake 
City was used to represent the western part of 
the network.
The regression equations indicate the expected 
number of minutes of sunshine during a particular 
hour as a function of the average reported opaque 
cloud cover for that hour. In the range 4/10 
through 9/10, the sunshine data approximate a 
normal distribution about the regression line. 
However, the equations were found to underesti­ 
mate the sunshine in the clear end and overesti­ 
mate the sunshine in the cloudy end of the dis­ 
tribution. In the cloud range 0/10 through 3/10, 
the distribution is decidedly skewed with many 
more observations above the line than below. At 
10/10 opaque sky cover, many more observations 
fall below the line than above it. To overcome 
this deficiency, a probability table (table 3) was 
prepared from the same cloud and sunshine data 
used to develop the regression equations. For 
each tenth of opaque cloud cover this table shows 
the probability of having an amount of sunshine 
equal to or exceeding a specified number of 
minutes.
The July portion of the table shows, for example, 
that if at least 54 minutes of sunshine are required, 
a report of 4/10 opaque sky cover can be expected 
to yield this amount on 70. 1 percent of the occa­ 
sions. Even a reported overcast sky can be ex­
pected to yield 54 minutes of sunshine on 1. 3 
percent of the observations because cirrus clouds, 
reported as opaque, do not always obscure the 
sun completely.
Examination of table 3 reveals some apparent 
inconsistencies in the data--especially in Janu­ 
ary. For example, in January, it appears that 
more sunshine is recorded when the sky is 6/10 
covered than when it is 5/10 covered. This 
inconsistency may be due, in part, to the short 
record of data (5 years) used in development of 
the table. It is more likely, however, that ob­ 
servers are reluctant to switch from 5/10 to 
6/10 (which constitutes a ceiling) or vice versa. 
The tendency is to maintain a scattered sky con­ 
dition until it becomes obviously broken or a 
broken sky condition until it becomes obviously 
scattered. If a sky is reported as 5/10 covered 
but is actually 6/10, less sunshine than expected 
is being recorded for 5/10 sky cover. Conversely, 
if a sky is reported as 6/10 but is actually 5/10, 
more sunshine than expected is being recorded 
for 6/10 sky cover. The cumulative effect re­ 
sults in much less sunshine being recorded with 
5/10 sky cover and much more being recorded 
with 6/10 sky cover.
July has few clouds, and these are usually cumu- 
liform rather than stratiform; therefore, occur­ 
rences of broken sky conditions are less frequent 
than in January. Thus, any inconsistencies in the 
July portion of table 3 are not so obvious.
In assessing the network capability, we used the 
July portion of table 3 in simulations for both 
January and July, because sun angles involved 
in recording July sunshine (between 30 and 80 
degrees) are more nearly equal to those that will 
be used in satellite tracking (between 25 and 90 
degrees). January sun angles over the United 
States are generally less than 40 degrees.
Table 4 shows the probability of having a specif 
clear line-of-sight at 0900 LST at each station 
for January and July. Similar tables for other 
times are contained in Appendix I. These data 
were derived by computing the frequency with 
which each tenth of opaque sky cover occurred at 
each station, multiplying this value by the appro­ 
priate factor from table 3, then summing between 
0/10 and 10/10. Symbolically, where TPkn is the
(1) TPkn j=o
k = 0 to 60 minutes 
j = 0 to 10 tenths 
n = 1 to 4 stations
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total probability of sunshine equal to or exceeding 
k minutes for a situation involving n stations; 
Ci n is the frequency of j/10 opaque sky cover, for 
a network of n stations. For a single station net­ 
work, n = 1, Cjn is the frequency of occurrence of 
each tenth of opaque sky cover; for a multistation 
network, n = 2, 3, . . . n, Cjn is the frequency of 
simultaneous occurrence of each tenth of opaque 
sky cover at 1 of n, two of n, . . . n of n network 
stations; and P: k is a multiplication factor at j/10 
and k minutes taken from table 3.
For examples, the following opaque sky cover con­ 
ditions were recorded at Yuma, Ariz. at 0900 LST 
for July over a 5-year period:
Opaque sky 
cover
CLR
1/10 
2/10 
3/10 
4/10 
5/10 
6/10 
7/10 
8/10 
9/10
ovc
Frequency
41. 3%
9.7 
11.6
7.7
6.5
1.9
1. 3
8.4
4. 5
3.9
3.2
The probability of at least 54 minutes of sunshine 
at Yuma would be:
TP54 ' =
 (41.3x1.0) + (9. 7 x. 961)
+ (11.6 x .953)+ (7.7 x .863)
+ (6.5 x . 701) + (1.9 x .687)
+ (1.3 x .423) + (8.4 x . 384)
+ (4. 5 x . 200) + (3. 4 x . 129)
+ (3.2 x .013) = 79.4%
Five years of data permitted 155 simulated opera­ 
tions for each orbit for both January and July. 
Simulations for combinations of network stations 
(n = 2, 3, 4) involved tabulating the frequency with 
which specific opaque sky conditions occurred at 
none, one or more, two or more, three or more, 
or at all stations capable of receiving data dur­ 
ing each simulated orbit. The frequency of 
specified values of opaque sky cover for each 
month were then used with probabilities from the 
July portion of table 3, to obtain probabilities of 
clear line-of-sight using equation (1). Since 
criteria for a successful operation have not yet 
been determined, the tabulations were made in 
terms of 5 percent intervals of clear line-of-sight.
Table 5 gives an example of the tabulated results. 
Appendix II has a complete set of tables covering 
each orbit for January and July. The probability 
of operational success, for any predetermined 
requirement of data retrieval, can be obtained 
from these tables. For instance, over the Eastern 
United States in January (table 5) when cloudiness 
causes greatest operational interference, 100 per­ 
cent clear line-of-sight conditions can be expected 
75. 5 percent of the time at one of the three stations; 
43. 9 percent of the time at two of the three stations; 
and 15. 2 percent of the time at all three stations. 
Percentages in the last two columns show the back­ 
up capability of the network. They illustrate the 
frequency of simultaneous occurrences of specified 
clear line-of-sight conditions at two or more track­ 
ing stations.
As another example, suppose that operational re­ 
quirements are such that at least 80 percent of 
available data must be received in order for a pass 
across the Eastern United States (near Orbit B) to 
be a success. Table 5 shows that the January 
probability of having a clear line-of-sight to at 
least one of the receiving stations for 80 percent 
or more of the pass is 82. 7 percent.
Implicit in the use of these tables is the assumption 
that the fraction of an hour having a clear line-of- 
sight is equivalent to the fraction of a shorter 
period having a clear line-of-sight. In this case, 
the shorter period would be the time required for 
a satellite to pass over the United States (about 8 
minutes). If the data were available by 8 -minute 
periods, the results would be slightly different. 
Specifically, there would be higher frequencies 
of 100-percent and 0-percent clear line-of-sight 
occurrences and lower frequencies of occurrences 
in the middle ranges.
Information in Appendices I and II provides the 
basis for determining the probability of receiving 
data for any predetermined level of success. 
Table 6 summarizes the selected results of the 
simulated operations condensed from the appendices, 
for both individual network stations and designated 
network combinations. The advantage of having 
more than single station receiving capability is 
apparent from this table.
It can be noted from table 6 that, over the Eastern 
United States, in January when cloudiness presents 
the greatest operational interference, 100 percent 
clear line-of-sight conditions can be expected 75 
percent of the time at one or more of three network 
stations. In July, the expectancy is 85 percent.
In contrast, over most of the Western United States 
cloudiness is generally not so great a problem. 
Where three-station receiving capability is a vail -
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able, the probability of 100 percent clear line-of- 
sight is 90 percent in January and 95 percent in 
July.
CONCLUSION
With respect to cloud cover, the results of this 
study strongly suggest that the concept of receiv­ 
ing a high percentage of data from space by means 
of laser communication is feasible.
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APPENDIX I. Percent probability of specified clear line-of-sight conditions at individual network 
stations.
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
(PERCENT )
= 100
= >95
= >90
= >35
= >80
= >75
= >70
= >65
= >60
*>55
= >50
= >45
= >40
= >35
*>30
= >25
= >20
= >15
= >10
= > 5
= > 0
= 100
= >95
= >90
= >85
= >80
= >75
= >70
*>65
*>60
= >55
= >50
= >45
= >40
= >35
= >30
= >25
= >20
= >l«5
= >10
= > 5
= > 0
OF-SIGHT AT INDIVIDUAL NETWORK STATIONS
OCA
44.9
47.9
49.5
50.8
52.5
53.9
55.5
56.4
57.7
58.9
59.7
60.6
61.6
62.9
64.3
65.3
67.2
68.4
70.8
72.8
100. 0
48.4
51.9
54.1
55.8
57.7
59.4
61.1
62.3
64.0
65.3
66.2
67.2
68.2
69.2
70.7
71.7
73.5
74.6
76.7
78.4
100.0
TPA
49.5
52.7
54.7
56.1
58.0
59.4
61.0
62.0
63.4
64.8
65.6
66.6
67.5
68.7
70.2
71.3
73.1
74.4
76.4
78.2
100.0
54.9
60.1
63.5
65.5
67.9
69.7
71.7
73.1
75.3
77.1
78.7
79.6
80.5
81.6
83.2
84.3
85.9
87.2
88.7
89.8
100.0
FVV
38.0
40.5
41.9
43.2
44.8
46.2
47.7
48.4
49.6
50.8
51.4
52.5
53.5
54.9
56.5
57.8
60.0
61.5
64.2
66.7
100.0
60.0
63.7
65.8
67.3
69.2
70.6
72.2
73.3
74.8
76.1
76.9
77.7
78.5
79.3
80.6
81.5
83.0
84.0
85.5
86.6
100.0
AMA
62.6
65.0
66.3
67.3
68.5
69.3
70.3
70.8
71.7
72.6
73.1
73.8
74.4
75.3
76.3
77.1
78.5
79.4
81.0
82.4
100.0
63.5
67.5
69.7
71.1
72.8
74.1
75.6
76.5
78.1
79.3
80.2
81.0
81.6
82.1
83.3
64.3
85.7
86.6
87.9
88.9
100.0
LND
52.5
58.4
62.0
64.4
67.2
69.6
71.8
73.6
75.9
77.8
79.3
80.2
81.3
82.3
83.8
84.6
86.0
87.0
88.5
89.5
100.0
77.1
80.8
82.9
84.5
86.2
87.2
88.2
89.1
90.1
91.0
91.6
92.1
92.6
93.2
93.9
94.4
95.1
95.7
96.3
96.7
100.0
YUM
74.7
77.4
79.0
80.1
81.2
82.2
83.2
83.9
84.8
85.5
86.1
86.5
87.1
87.4
88.1
88.6
89.4
89.8
90.7
91.4
100.0
71.5
75.5
78.1
79.6
81.4
82.8
84.3
85.4
86.9
88.2
89.2
89.8
90.4
91.1
92.0
92.6
93.4
94.1
94.9
95.5
100.0
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PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR 
LINE-OF-
SIGHT
{PERCENT!
= 100
= >95
= >90
= >85
= >80
= >75
= >70
= >65
= >60
= >55
= >50
= >45
= >40
= >35
•x > 30
->25
ss >20
*>15
= > 10
= > 5
= > 0
OF-SIGHT AT INDIVIDUAL NETWORK STATIONS 
FOR 09001 ST. .....
OCA
47.4
50.5
52.3
53.5
55.3
56.4
57.7
58.3
59.4
60.6
61.2
62.2
63.1
64.5
65.9
66.8
68.5
69.8
72.1
74.1
100.0
TPA
49.1
52.1
53.9
55.1
56.7
58.1
59.8
60.8
62.4
63.8
64.7
65.7
66.6
67.7
69.3
70.5
72.3
73.6
75.8
77.6
100. 0
EVV
39.1
41.4
42.8
44.0
45.6
46.8
48.1
48.8
49.9
51.0
51.7
52.7
53.7
55.2
56.8
58.0
60.2
61.6
64.4
66.8
100.0
AMA
58.4
61.3
63.0
64.4
65.9
67.3
68.7
69.7
70.9
72.0
72.6
73.3
74.1
75.0
76.1
76.8
78.1
79.0
80.6
82.0
100. 0
LND
52.7
58.9
62.6
65.2
68.0
70.9
73.4
75.6
78.1
80.0
81.5
82.4
83.5
84.3
85.7
86.4
87.6
88.4
89.8
90.7
100.0
YUM
73.0
75.7
77.4
78.6
79.8
80.8
81.9
82.8
83.9
84.6
85.3
85.8
86.4
86.9
87.8
88.4
89.4
90.0
90.9
91.7
100.0
= 100 
O95
= >85
= >80
>65
JULY = >50
->40 
035
= >30
*> 5 
= > 0
49.7
52.9
54.9
56.5
58.4
59.8
61.2
62.2
63.5
64.7
65.3
66.2
67.1
68.4
69.7
70.6
72.4
73.6
75.6
77.3
1 00.0
47.0
52.4
56.0
58.6
61.4
64.0
66.4
68.5
71.0
73.1
74.8
75.8
77.0
78.4
80.2
81.2
82.8
84.1
85.9
87.2
100.0
61.4
65.4
67.8
69.5
71.4
72.8
74.2
75.3
76.6
77.8
78.6
79.3
80.1
81.0
82.1
82.7
83.9
84.8
86.1
87.2
100.0
66.5
70.4
72.6
74.3
76.1
77.6
79.2
80.4
81.8
83.1
83.8
84.5
85.2
85.8
86.8
87.4
88.5
89.1
90.2
91.0
100.0
78.2
82.1
84.4
85.9
87.5
88.6
89.7
90.6
91.7
92.5
93.2
93.6
94.2
94.6
95.1
95.4
96.0
96.4
96.9
97.2
100. 0
73.0
77.0
79.4
80.9
82.8
83.9
85.2
86.3
87.7
88.9
89.8
90.4
91.1
91.8
92.7
93.2
94.0
94.6
95.5
96.0
100.0
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PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR 
LINE-OF-
SIGHT
(PERCENT)
= 100
= >95
= >QQ
= >85
= >80
= >75
= >70
= >65
= >60
= >55
= >50
= >45
= >40
= >35
= >30
= >25
= >20
= >15
= > 10
= > 5
= > 0
OF-SIGHT AT INDIVIDUAL NETWORK STATIONS 
FOR 1000LST.. ... .
DCA
48.6
51.9
53.9
55.2
57.2
58.5
5P.8
60.7
62.0
63.2
64.0
65.0
65.9
67.2
68.6
69.6
71.3
72.5
74.7
76.5
100.0
TPA
51.6
55.1
57.1
58.6
60.4
61.9
63.4
64.4
65.8
67.0
67.9
68.8
69.6
70.7
72.0
72.9
74.5
75.5
77.5
79.1
100.0
EVV
38.7
41.1
42.6
43.8
45.3
46.6
48.0
48.7
50.0
51.2
52.1
53.2
54.2
55.6
57.4
58.8
61.1
62.7
65.5
67.9
100.0
AMA
57.8
61.0
63.0
64.2
65. 8
67.1
68.5
69. 3
70.4
71.7
72.4
73.2
73.9
75.1
76.2
76.9
78.2
79.1
80.3
82.2
100.0
LND
54.1
59.3
63.5
65.9
68.4
70.8
73.2
75.1
77.5
79.3
80.9
81.8
82.8
83.8
85.3
86.0
87.3
83.2
89.5
90.5
100. 0
YUM
73.1
75.7
77.3
78.4
79.7
30.7
81.7
32.5
83.5
84.3
85.0
35.5
36.0
86.6
37.4
83.0
88.9
89.6
90.5
91.3
100.0
JULY
= 100
= >95
= >90
= >85
= >80
= >75
=070
= >65
= >60
= >55
= >50
= >45
= >40
= >35
= >30
= >25
= >20
= >15
= >10
= > 5
= > 0
52.7
56.8
59.0
60.6
62.5
64.0
65.6
66.6
68.1
69.5
70.4
71.3
72.2
73.2
74.5
75.4
77.0
78. 1
79.9
R1.4
100. 0
45.0
51.1
55.1
57.7
60.9
63.2
65.6
67.5
70.0
72.1
73.8
75.0
76.2
77.5
79.4
80.6
82.3
83.8
85.6
87.0
100.0
55.5
59.9
62.5
64.4
66.6
63.3
70.0
71.3
72.8
74.2
75.1
75.9
76.8
77.9
79.1
79.8
81.1
82.1
83.6
84.9
100.0
69.1
72.9
75.2
76.8
78.7
79.9
81.3
82.4
83.7
84.9
85.6
86.2
86.9
87.6
88.5
89.1
90. I
90.9
91.9
92.6
100.0
77.2
81.6
83.8
85.3
87.0
88.1
89.3
90.2
91.2
92.2
92.8
93.2
93.8
94.1
94.6
94.9
95.4
95.7
96.2
96.6
100.0
74.5
78.4
80.7
82.3
84.0
85.2
86.5
87.5
88.8
89.9
90.8
91.3
91.9
92.5
93.4
93.9
94.6
95.3
96.0
96.5
I 00.0
10-30
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR 
LINE-OF-
SIGHT
(PERCENT)
= 100
«>95
->90
= >85
= >80
= >75
= >70
= >65
*>60
*>55
= >50
->45
= >40
= >35
*>30
=025
= >20
= > 15
*>10
= > 5
= > 0
OF-SIGHT AT INDIVIDUAL NETWORK STATIONS 
FOR 11001 ST. . ....
DCA
50.5
53.4
55.2
56.6
58.2
59.7
61.3
62.3
63.6
64.8
65.4
66.3
67.3
68.3
69.5
70.4
72.1.
73.1
75.1
76.8
100. 0
TPA
55.0
58.7
60.8
62.3
64.1
65.5
67.1
68.0
69.4
70.7
71.5
72.3
73.1
74.0
75.3
76.2
77.7
78.8
80.5
81.9
100. 0
EVV
39.2
41.4
42.8
44.0
45.6
46.9
48.3
49.1
50.3
51.6
52.3
53.4
54.4
56.0
57.7
59.0
61.2
62.8
65.6
68.0
100. 0
AHA
59.8
63.3
65.4
66.8
68.5
69.9
71.2
72.2
73.4
74.6
75.3
76.0
76.8
77.7
78.8
79.5
80.8
81.6
83.1
84.4
100.0
LNO
55.2
61.2
64.9
67.5
70.4
72.8
75.2
77.2
79.7
81.6
83.1
84.0
85.1
86.0
87.5
83.3
89.7
90.6
91.9
92.8
100. 0
YUM
70.2
73.3
75.3
76.4
77.8
78.8
80.0
80.7
82.1
83.2
84.1
84.7
85.3
86.0
87.1
87.9
89.0
89.9
91.0
91.8
100.0
JULY
* 100
*>95
= >90
->85
= >80
ar>75
»>70
= >65
= >60
= >55
= >50
= >45
= >40
= > 35
= >30
s >25
= >20
= >15
->10
= > 5
«> 0
53.1
57.5
59.9
61.6
63.7
65.2
66.8
67.8
69.3
70.7
71.6
72.5
73.3
74.4
75.7
76.5
78.0
79.1
80.9
82.3
100.0
41.3
48.1
52.6
56.0
59.5
62.3
65.0
67.3
70.1
72.2
73.9
75.0
76.4
77.7
79.6
80.8
82.7
84.2
85.9
87.3
100.0
48.3
53.1
56.2
58.8
61.5
64.1
66.5
68.6
70.9
72.8
74.1
75.1
76.3
77.5
79.1
79.9
81.6
32.6
84.4
85.7
100. 0
71.1
75.2
77.6
78.9
80.7
81.7
83.0
83.8
85.1
86.3
87.1
87.7
88.3
89.0
89.9
90.4
91.2
92.0
92.9
93.5
100.0
73.1
78.3
81.2
83.1
85.1
86.6
88.1
89.2
90.4
91.6
92.3
92.8
93.4
93.8
94.4
94.6
95.2
95.5
96.1
96.5
100.0
70.0
74.2
76.9
78.6
80.7
82.0
83.4
84.6
86.1
87.4
88.4
89.0
89.7
90.6
91.6
92.2
93.2
94.0
94.9
95.5
100. 0
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PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR 
L INE-OF-
SIGHT
I PERCENT I
» 100
*>95
»>90
*>85
*>80
»>70
»>65
»>60
= >55
«>50
*>45
*>40
«>35
*>30
«>25
»>20
=:>15
= >10
= > 5
= > 0
OF-SIGHT AT INBIVIOUAL NETWORK STATIONS 
FOR L200LST,,....
OCA
48.3
51.1
52. 7
•54*1,
55.8
57*2
58*7
50. 7
61.0
62.2
62.9
6 3.. 8
64* 8
66.0
67*3
69*3
70.1
71.3
73.4
75. 3
LOO.O
TPA
53.4
57.6
60. I
62*0'
64.3
65.9
67.5
68.8
TO', 3
71.7
7?. 6
73.5
74.4
75.6
77.0
77.9
79.4
80.6
82.3
83.7
LOO.O
EVV
38.0
40.0
41*4
42.5
44.1
45.3
46.8
47.5
48*9
50*1
50.9
52.0
53.0
54.6
56.4
57.9
60. 3
62,0
64.8
67.3
100.0
AMA
63.4
66 . 9
69.0
70. 4
72.1
73*3
74. 6
75.6
76. 8
77.9
78.7
79.4
80* 1
81.0
82.0
82.7
83.9
84.8
86. 1
87.2
1 00.0
LNO
55.9
61.7
65.6
68.5
71.5
73.7
75.6
77.6
79.5
81.2
82.5
83.3
84.4
35.8
87.0
87.6
33.8
89.9
91.0
91.9
100,0
YUM
73.0
75.6
77.1
73.1
79.3
80.3
81.3
82.0
82.9
83.8
34.3
84.7
35.3
85.8
86.6
87. 1
38.0
38.6
89.5
90.3
100.0
JULY
« LOO
*>95
«>90
»>85
= >80
«>75
«>70
*>65
»>60
=;>§§
«>50
*>45
«>40
«>35
«>30
*>25
»>20 "
»>15
*>LO
*> 5«> o
50. 5
55.8
59,0i
61,* 3
63. 7
65,7
67. 6
69. 0
70.8
72.2
73. 3
74.2
75. 2
? 6. I
77.4
T8.2
79.7
00.6
02.3
03.7
100.0
36.4
43.7
48*6
51.9
55,6
58,9
61.9
64,6
67.9
70.4
72,7
74.0
75.5
77.0
79*2
00.4
82.3
03.8
05.9
07.2
LOO.O
44,8
50.9
55.0
57.6
60.9
63.5
65.8
67.9
70.5
72. 7
74,5
75.6
77.0
18*7
SO, 4
§1,3
82,8
04. L
§6.0
07.3
LOO.O
64.4
69.2
72.0
74.0
76.4
70.0
79. 6
81*0
82.7
84.2
85.2
85.9
86.8
87.7
88.8
89.4
90*4
91.2
92*4
93. L
100*0
64.3
71.1
75.0
77.4
80.0
82.1
84.0
85.4
87.3
83.8
90.2
90.9
91.8
92.4
93.3
93.7
94.4
94.9
95.7
96.2
100,0
75.4
78.7
30.9
32.1
33.6
85.0
86.4
87.5
89.0
90.1
91.0
91.5
92.1
92.6
93.4
93.9
94.6
95.0
95.8
96.2
100. 0
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APPENDIX II. Percent probability of specified clear line-of-sight conditions from simulated 
operations for designated network station combinations.
PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT A, 2 STATIONS
EVV AT 8CST AND OCA AT 9EST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
= 100
= >95
*>90
= >85
=O80
*>75
= >70
*>65
= >60
= >55
= >50
*>45
«>40
«>35
=O30
«>25
=O20
*>15
-> 10
«> 5
*> 0
NONE OF
THE
TWO
STATIONS
38.6
35.5
33.8
32.7
31.0
30.0
28.8
28. 1
27.1
26.0
25.4
24.7
24.0
23.0
21.9
21.2
19.9
19.0
17.4
16.1
0.0
\s«_r i* is & < • w 1^ «*
ONE OR
MORE OF
THE TWO
STATIONS
61.4
64.5
66.2
67.3
69.0
70.0
71.2
71.9
72.9
74.0
74.6
75.3
76.0
77.0
78.1 •
78.8
80.1
81.0
82.6
83.9
100.0
BOTH OF
THE
TWO
STATIONS
24.1
26.5
28.0
29.3
31.1
32.6
34.2
34.9
36.1
37.4
38.0
39.3
40.5
42.4
44.3
45.8
48.5
50.3
53.7
56.9
100.0
aoo
095
O85 
= >80 
075 
070 
O65
>55
JULY
>30
O 5 
O 0
23.8
20.3
18.5
17.1
15.6
14.6
13.6
12.8
11.8
11. 0
10.5
10.0
9.6
9.1
8.5
8.0
7.2
6.7
6.0
5.5
0.0
76.2
79.7
81.5
82.9
84.4
85.4
86.4
87.2
38.2
89.0
89.5
90.0
90.4
90.9
91.5
92.0
92.8
93.3
94.0
94.5
100. 0
33.4
36.9
39.1
41.0
43.2
45.0
47.0
48.3
50.1
51.7
52.8
54.0
55.2
56.8
58.8
60.2
62.6
64.3
67.1
69.5
100.0
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PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT
ORBIT B, 3 STATIONS
FVV AT 8CST, TPA AT 9EST AND DCA AT 9FST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
CLEAR 
LINE-OF- 
SIGHT 
(PERCENT)
= 100
= >95
>80
= >65
= >60
JANUARY
>45
>30
= > 5 
*> 0
= 100 
= >95 
= >90
«>75
JULY
= >60 
= >55 
= >50 
= >45 
= >40 
*>35 
= >30
> 5
> 0
ur j * vj' i i
NONE OF
THE
THREE
STATIONS
24.5
21.3
19.7
18.7
17.3
16.4
15.3
14.6
13.8
12.9
12.4
11.9
11.5
10.9
10.3
9.9
9.3
8.8
8.0
7.4
0.0
14.3
10.5
8.8
7.6
6.2
5.3
4.4
3.6
2.9
2.3
1.9
1.7
1.4
1.3
1.0
1.0
0.7
0.7
0.5
0.4
0.0
\r<*J\*U III \jnj
ONE OR
MOPE OF
THE THREE
STATIONS
75.5
78.7
80.3
81.3
82.7
83.6
84.7
85.4
86.2
87.1
87.6
88. 1
88.5
89. 1
89.7
90.1
90.7
91.2
92.0
92.6
100. 0
85.7
99.5
91.2
92.4
93.8
94.7
95.6
96.4
97.1
97.7
98.1
98.3
98.6
98.7
99.0
99.0
99.3
99.3
99.5
99.6
100. 0
TWO OR
MORE OF
THE THREE
STATIONS
43.9
47.5
49.6
51.2
53.2
54.8
56.4
57.5
59.0
60.4
61.4
62.4
63.4
64.7
66. 3
67.5
69.4
70.8
73.1
75.1
100. 0
52.2
57.5
61. 1
63.7
66. 5
68.8
71. I
73.0
75.3
77.3
78. 7
79.6
80.7
81.9
83.6
84.5
86.0
87.3
88.7
89.9
100. 0
ALL OF
THE
THREE
STATIONS
15.2
16.9
18.2
19.3
20.9
22.3
24.0
24.7
26.1
27.5
28.4
29.9
31.2
33.3
35.6
37.5
40.7
42.9
47.0
50.6
100.0
18.7
22.0
24.4
26.3
28.7
30.9
33.1
34.6
36.8
38.9
40.3
41.8
43.3
45.4
48.0
49.8
52.8
55.1
58.7
61.7
100.0
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PROBABILITY OF CLEAR L INE-OF-SIGHT FOR SIMULATED ORBIT READOUT
ORBIT C, 4 STATIONS
AMA AT 8CST, EVV AT 8CST, TPA AT 9EST AND DCA AT 9EST 
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
«100
= >P5
*>90
= >85
*>80
»>75
->70
»>65
->60
->55
= >50
->45
*>40
«>35
z >30
= >25
«> 20
*>15
•st > 1Q
= > 5
»> 0
VJ 1 -J L V7' 1 »
NONE OF
THE
FOUR
STATIONS
12.1
10.0
8.9
8.3
7.7
7.2
6.5
6.2
5.7
5.2
5.0
4.8
4.6
4.4
4.1
4.0
3.7
3.5
3.2
3.0
0.0
Wk_iliur 111 UI1O
ONE OR
MORE OF
THE FOUR
STATIONS
87.9
90.0
91.1
91.7
92.3
92.8
93.5
93.8
94.3
94.8
95.0
95.2
95.4
95.6
95.9
96.0
96.3
96.5
96. R
97.0
100. 0
TWO OR
MORE OF
THE FOUR
STATIONS
64.9
68.6
70.5
71.7
73.5
74.6
75.9
76.7
77.8
79.1
79.7
80.4
81.0
81.9
82.9
83.5
84.6
85.4
86.7
87.7
100.0
THREF OR
MORE OF
THE FOUR
STATIONS
33.6
36.9
39.2
40.9
43.1
44.6
46.3
47.4
49.0
50.6
51.7
52.9
54.1
55.9
57.8
59.3
61.8
63.6
66.5
68.9
100.0
ALL OF
THE
FOUR
STATIONS
10.9
12.6
13.7
14.8
16.5
18.0
19.8
20.5
21.9
23.2
24.0
25.6
27.0
29.0
31.4
33.4
36.7
38.9
43.2
47.0
100. 0
100
JULY
= >65
«>60 
«>55 
»>50
= >30 
»>20
= > 5 
*> 0
8.9
6.0
4.7
3.9
3.1
2.6
2.0
1.6
1.3
0.9
0.7
0.6
0.4
0.4
0.3
0.3
0.2
0.2
O.I
0.1
0.0
91.1
94.0
95.3
96.1
96.9
97.4
98.0
98.4
98.7
99.1
99.3
99.4
99.6
99.6
99.7
99.7
99.8
99.8
99.9
99.9
100.0
71.1
76.4
79.2
81.3
83.4
85.2
86.9
88.3
89.9
91.2
92.0
92.6
93.2
93.6
94.4
94.8
95.6
96.1
96.7
97.1
100.0
42.8
47.9
51.4
53.9
56.7
59.0
61.5
63.4
65.9
68.0
69.5
70.7
71.8
73.2
75.2
76.5
78.6
80.2
32.2
83.8
100.0
15.1
18.2
20.5
22.3
24.7
26.8
29.1
30.5
32.9
34.9
36.4
38.1
39.6
41.7
44.5
46.5
49.8
52.2
56.0
59.3
100.0
10-35
PROBABILITY OF CLEAR L INE-OF-S IGHT FOR SIMULATED ORBIT READOUT
ORBIT D-t 4 STATIONS
AMA AT 9CST, EVV AT 9CST» TPA AT 10EST AND OCA AT IOEST 
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
= 100
= >95
= >90
->85
= >80
= >75
=070
= >65
= >60
= >55
= >50
=045
*O40
=035
=O30
->25
= >20
= >15
= >10
= > 5
=0 0
ur — j i vjn i
NONE OF
THE
FOUR
STATIONS
11.5
9.0
7.9
7.1
6.3
5.7
5.1
4.6
4.2
3.7
3.5
3.4
3.1
2.9
2.7
2.7
2.5
2.4
2.1
2.0
0.0
v*i_imu/ i i i UIN j
ONE OR
MORE OF
THE FOUR
STATIONS
88.5
91.0
92.1
92.9
93.7
94.3
94.9
95.4
95.8
96.3
96.5
96.6
96.9
97.1
97.3
97.3
97.5
97.6
97.9
98.0
100. 0
TWO OR
MORE OF
THE FOUR
STATIONS
66.6
70.8
73.1
74. 8
76.8
78.0
79.3
80.4
81.6
82.7
83.4
84.0
84.8
85.5
86.4
86.9
87.9
88.6
89.7
90.5
100. 0
THREE OR
MORE OF
THE FOUR
STATIONS
32.9
36.7
39.1
40.9
43.0
44.9
46.8
48.0
49.7
51.3
52.4
53.6
54.7
56.3
58.2
59.5
61.8
63.4
66.2
68.6
100.0
ALL OF
THE
FOUR
STATIONS
9.7
11.4
12.6
13.7
15.5
17.2
19.1
19.9
21.4
23.0
23.8
25.4
26.9
29.2
31.6
33.5
36.8
39.0
43.3
47.2
100.0
100
080
075
JULY
O60 
055
O50
040
035
>20
8.8
5.7
4.5
3.6
2.7
2.3
1.8
1.5
1.2
0.7
0.6
0.5
0.3
0.3
0.2
0.2
0.1
0.1
0.1
O.I
0.0
91.2
94.3
95.5
96.4
97.3
97.7
98.2
98.5
98.8
99.3
99.4
99.5
99.7
99.7
99.8
99.8
99.9
99.9
99.9
99.9
100. 0
72.6
78.5
81.8
84.0
86.2
87.9
89.6
90.8
92.3
93.4
94.4
94.9
95.6
95.8
96.4
96.7
97.3
97.6
98.1
98.4
1 00.0
43.5
49.3
52.9
55.7
58.7
61.3
63.8
65.9
68.6
70.8
72.4
73.6
74.9
76.1
78.1
79.4
81.4
82.9
84.8
86.2
100.0
18.1
21.6
24.2
26.0
28.6
30.8
33.0
34.5
36.8
39.0
40.5
42.1
43.6
45.9
48.5
50.3
53.1
55.4
59.0
62.1
100.0
10-36
PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT E f 4 STATIONS
LND AT 8MST, AMA AT 9CST f EVV AT 9CST AND OCA AT 10EST 
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
= 100
«>95
*>90
*>85
= >80
= >75
»>7Q
»>65
= >60
= >55
=050
*>45
->40
= >35
= >30
= >25
= >20
*>15
= >10
= > 5
= > 0
*100
= >95
»>90
= >85
= >80
= >75
*>70
*>65
= >60
= >55
= >50
= >45
= >40
»>35
= >30
*>25
*>20
*>15
*>IO
= > 5
= > 0
!•» » «* k V*l 1 1
NONE OF
THE
FOUR
STATIONS
11.4
8.7
7.5
6.6
5.7
5.2
4.5
4.1
3.6
3.1
2.9
2.7
2.4
2.2
2.0
1.9
1.7
1.6
1.4
1.2
0.0
4.0
2.2
1.5
1.2
0.8
0.7
0.5
0.4
0.4
0.2
O.I
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
\*<wjiiiy i i lunv
ONE OR
MORE OF
THE FOUR
STATIONS
88.6
91.3
92.5
93.4
94.3
94.8
95.5
95.9
96.4
96.9
97.1
97.3
97.6
97.8
98.0
98.1
98.3
98.4
98.6
98.8
100.0
96.0
97.8
98.5
98.8
99.2
99.3
99.5
99.6
99.6
99.8
99.9
99.9
100.0
100.0
100. 0
100.0
100.0
100. 0
100.0
100.0
100.0
TWO OR
MORE OF
THE FOUR
STATIONS
64.7
69.8
72.7
74.9
77.3
79.0
80.6
82.0
83.5
84.9
85.8
86.4
87.3
88.1
89.0
89.5
90.4
91.1
92.1
92.8
100.0
81.6
86.1
88.2
89.9
91.5
92.6
93.7
94.6
95.5
96.4
96.8
97.1
97.6
97.7
98.0
98.2
98.7
98.9
99.1
99.3
100.0
THREE OR
MORE OF
THE FOUR
STATIONS
33.8
38.5
41.5
43.6
46.2
48.4
50.6
52.1
54.1
56.0
57.4
58.6
59.9
61.5
63.4
64.7
66.9
68.4
71.1
73.3
100.0
55.5
61.1
64.6
67.0
69.8
71.9
74.0
75.7
77.8
79.6
80.9
81.8
82.8
83.9
85.3
86.1
87.4
83.5
89.8
90.8
100. 0
ALL OF
THE
FOUR
STATIONS
11.5
13.5
14.9
16.2
18.1
19.9
21.9
22.9
24.6
26.2
27.2
28.8
30.2
32.4
34.9
36.7
40.0
42.2
46.3
50.0
100. 0
24.5
28.4
31.1
33.2
35.7
37.8
40.0
41.5
43.7
45.6
47.0
48.4
49.8
51.7
54.0
55.7
58.4
60.4
63.6
66.3
100.0
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PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT F f 3 STATIONS
LND AT 8MST, AMA AT 9CST AND EVV AT 9CST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
= 100
= >95
= >90
= >85
*>80
= >75
= >70
= >65
= >60
= >55
= >50
= >45
= >40
= >35
*>30
= >25
= >20
= >15
= >10
= > 5
= > 0
= 100
= >95
*>QO
= >85
=080
= >75
*>70
= >65
= >60
= >55
= >50
= >A5
= >40
= >35
= >30
= >25
= >20
*>15
»>10
= > 5
= > 0
\-J » J I V»< 1 I
NONE OF
THE
THREE
STATIONS
15.8
12.6
10.9
9.8
8.6
7.8
6.9
6.2
5.4
4.7
4.3
4.0
3.6
3.4
3.0
2.8
2.4
2.2
1.9
1.6
0.0
5.6
3.5
2.8
2.4
1.9
i.7
1.4
1.2
1.0
0.7
0.6
0.5
0.5
0.5
0.4
0.4
0.3
0.2
0.2
0.2
0.0
V«tJlll_/ I ' IVJI^tJ
ONE OR
MORE OF
THE THREE
STATIONS
84.2
8^.4
89. I
90.2
91.4
92.2
93.1
93.8
94.6
95.3
95.7
96.0
96.4
96.6
97.0
97.2
97.6
97.8
98.1
98.4
100. 0
94.4
96.5
97.2
97.6
98.1
98.3
98.6
98.8
99.0
99.3
99.4
99.5
99.5
99.5
99.6
99.6
99.7
99.8
99.8
99.8
100.0
TWO OR
MORE OF
THE THRFE
STATIONS
50.2
55.4
58.5
60.9
63.5
65.6
67.6
69.3
71. I
72.6
73.8
74.6
75.8
77.0
78.3
79.0
80.4
81.4
83.0
84.4
100.0
74.5
79.2
81.8
83.7
85. 8
87.1
88.4
89.5
90.6
91.7
92.3
92.8
93.4
93.9
94.5
94.9
95.6
96.1
96.7
97.0
100.0
ALL OF
THE
THREE
STATIONS
15.5
18.3
20.2
21.7
23.8
25.8
27.9
29.1
31.0
32.8
34.0
35.5
36.9
39.0
41.4
43.2
46. 3
48.4
52.3
55.6
100.0
36.1
41.0
44.4
46.9
49.8
52.2
54.5
56.4
58.9
60.9
62.4
63.6
65.0
66.6
63.6
70.0
72.2
73.8
76.3
78.2
100. 0
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PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT G, 4 STATIONS
YUM AT 9MST, LND AT 9MST, AMA AT 10CST AND EVV AT 10CST 
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
(PERCENT!
*100
*>95
*>90
*>85
= >80
»>75
= >TO
*>65
*>60
«>55
= >50
»>45
= >40
*>35
= >30
= >25
*>20
= >15
*>iO
= > 5
= > 0
-100
= >95
*>90
*>85
= >80
= >75
*>70
»>65
= >60
= >55
«>50
«>A5
»>AO
»>35
*>30
«>25
»>20
»>15
«>10
»> 5
«> 0
«-» « *« I VVI 1 «
NONE OF
THE
FOUR
STATIONS
7.3
5.0
4.0
3.4
2.8
2.4
1.9
i.6
1.3
1.0
0.8
0.7
0.5
0.5
0.4
0.4
0.3
0.3
0.2
O.I
0.0
3.4
1.9
1.4
1.2
1.0
0.9
0.6
0.6
0.4
0.2
0.2
0.1
0.1
O.I
0.1
O.I
0.1
0.0
0.0
0.0
0.0
V. l~» ! 1 <-' * 1 KVJI^O
ONE OR
MORE OF
THE FOUR
STATIONS
92.7
95.0
96.0
96.6
97.2
97.6
98.1
98.4
98.7
99.0
99.2
99.3
99.5
99.5
99.6
99.6
99.7
99.7
99.8
99.9
100. 0
96.6
98.1
98.6
98.8
99.0
99.1
99.4
99.4
99.6
99.8
99.8
99.9
99.9
99.9
99.9
99.9
99.9
100.0
100.0
100.0
100.0
TWO OR
MORE OF
THE FOUR
STATIONS
74.7
79.2
81.9
83.6
85.6
86.8
88.0
89.1
90.3
91.4
92.3
92.8
93.5
94.2
94.9
95.2
95.7
96.2
96.9
97.3
1 00.0
88.1
91.7
93.4
94.4
95.6
96.1
96.8
97.2
97.6
98.3
98.5
98.7
98.9
99.0
99.1
99.1
99.2
99.2
99.4
99.4
100.0
THREE OR
MORE OF
THE FOUR
STATIONS
41.2
46.3
49.5
51.9
54.6
57.1
59.6
61.5
63.9
65.8
67.3
63.4
69.6
70.9
72.7
73.9
75.9
77.3
79.4
81.0
100. 0
63.1
69.2
73.1
75.8
78.7
80.7
82.6
84.3
86.1
87.5
88.6
89.3
90.3
91.1
92.0
92.4
93.3
93.9
94.8
95.3
100.0
ALL OF
THE
FOUR
STATIONS
13.7
L6.2
18.1
19.7
21.6
23.8
26.1
27.4
29.5
31.2
32.4
34.0
35.4
37.4
39.9
41.7
44.9
47.0
50.9
54.4
100.0
28.2 .
32.9
36.5
39.0
42.2
44.8
47.5
49.6
52.5
55.0
56.9
58.4
59.9
61.9
64.5
66.2
68.8
70.9
73.8
76.0
100.0
10-39
PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT
ORBIT H, 3 STATIONS
YUM AT 9MST, LND AT 9MST AND AMA AT 10CST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
CLEAR 
LINE-OF- 
SIGHT 
(PERCENT)
= 100
= >95
JANUARY
>75 
>70 
>65 
>60 
>55 
>50 
>45 
>40 
>35 
>30 
>25 
>20
> 5 
> 0
100 
>95 
>90 
>85 
>80 
>75
>65
>55
JULY
>45
>35
>30
>20
> 5 
> 0
NQNF OF
THE
THREE
STATIONS
9.7
7.1
5.9
5.2
4.3
3.7
3.1
2.7
2.2
1.3
1.5
1.3
1.1
1.0
0.8
0.7
0.6
0.6
0.4
0.3
0.0
4.3
2.5
1.9
1.6
1.2
1.1
0.8
0.7
0.5
0.3
0.2
0.2
0.
0.
0.
0.
0.
0.
0.0
0.0
0.0
ONE OR
MORE OF
THE THREE
STATIONS
90.3
92.9
94.1
94. 8
95.7
96.3
96.9
97.3
97.8
98.2
98.5
98.7
98.9
99.0
99.2
99.3
99.4
99.4
99.6
99.7
100. 0
95.7
97.5
98.1
98.4
98.8
98.9
99.2
99.3
99.5
99.7
99.8
99.8
99.9
99.9
99.9
99.9
99.9
99.9
100.0
100. 0
100.0
TWO OR
MORE OF
THE THREF
STATIONS
65.9
71.1
74.2
76.4
78.6
80.3
82.0
83.3
84.9
86.2
87.3
87.9
88.7
89.5
90.5
90.9
91.8
92.5
93.3
94.0
100.0
79.3
83.8
86.3
87.9
89.7
90.8
92.0
92.8
93.8
94.8
95.4
95.8
96.3
96.6
97.0
97.2
97.5
97.8
98.2
98.4
100.0
ALL OF
THE
THREE
STATIONS
27.3
31.7
34.5
36.3
39.3
42.1
45.0
46.9
49,7
51.9
53.4
54.8
56.2
57.8
60.1
61.5
64.0
65.7
68.6
70.9
100. 0
45.3
50.7
54.6
57.3
60.5
62.7
65.1
67.1
69.8
71.8
73.5
74.7
76.0
77.4
79.4
80.7
82.6
84.1
86.1
87.4
100.0
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PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT I* 3 STATIONS
YUM AT 9MST, LND AT 9MST AND AMA AT 10CST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
L INE-OF-
SIGHT
^PERCENT)
»100
»>95
= >90
»>85
*>80
«>75
»>70
»>65
*>60
= >55
*>50
= >45
*>40
*>35
«>30
*>25
*>20
»>15
= >10
= > 5
»> 0
-100
*>95
«>90
»>85
»>80
= >75
*>70
*>65
*>60
«>55
»>50
x>45
*>40
*>35
*>30
*>25
»>20
*>15
»>10
«> 5
«> 0
NONE OF
THE
THREE
STATIONS
9.7
7.1
5.9
5.2
4.3
3.7
3.1
2.7
2.2
1.8
1.5
1.3
1.1
1.0
0.8
0.7
0.6
0.6
0.4
0.3
0.0
4.3
2.5
1.9
1.6
1.2
l.l
0.8
0.7
0.5
0.3
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0*0
0.0
0.0
Wrl~*l«LS«. » *UM^<J
ONE OR
MORE OF
THE THREE
STATIONS
90.3
92.9
94.1
94.8
95.7
96.3
96.9
97.3
97.8
98.2
98.5
98.7
98.9
99.0
99.2
99.3
99.4
99.4
99.6
99.7
100.0
95.7
97.5
98.1
98.4
98.8
98.9
99.2
99.3
99.5
99.7
99.8
99.8
99.9
99.9
99.9
99.9
99.9
99.9
100.0
100.0
100.0
TWO OR
MORE OF
THE THREE
STATIONS
65.9
7UI
74.2
76.4
78.6
80.3
82.0
83.3
84.9
86.2
87.3
87.9
88.7
89.5
90.5
90.9
91.8
92.5
93.3
94.0
100.0
79.3
83.8
86.3
87.9
89.7
90.8
92.0
92.8
93.8
94.8
95.4
95.8
96.3
96.6
97.0
97.2
97.5
97.8
98.2
98.4
100. 0
ALL OF
THE
THREE
STATIONS
27.3
31.7
34.5
36.8
39.3
42.1
45.0
46.9
49.7
51.9
53.4
54.8
56.2
57.8
60.1
61.5
64.0
65.7
68.6
70.9
100. 0
45.3
50.7
54.6
57.3
60.5
62.7
65.1
67.1
69.8
71.8
73.5
74.7
76.0
77.4
79.4
80.7
82.6
84.1
86.1
87.4
100.0
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PROBABILITY OF CLEAR IINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT J v 3 STATIONS
YUM AT lOMSTt LND AT iOMST AND AMA AT IICST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
1 PERCENT 1
»100
*>95
«>90
»>85
*>80
»>75
»>70
«>65
*>60
«>55
*>50
*>45
s>40
«>35
«>30
«>25
»>20
*>15
«>10
*> 5
*> 0
» 100
*>95
• >90
*>85
»>80
»>75
• >70
*>65
»>60
»>55
*>50
«>45
*>4§
»>J5
»>30
»>25
«>20
*>i5
»>10
• > 5•> o
u i: O' * vjri i t
NONE OF
THE
THREE
STATIONS
8.8
6*2
§* I
4.4
3.6
3* 2
2.8
2.4
2*1
1.7
1.4
1.2
l.l
0.9
0.7
0.7
0« 6
0. 5
0.4
Oi .3
0.0
4.6
2.7
2.0
1.7
1.3
1.2
0.9
0. 8
0.7
0.4
0.3
0. 2
0.-2
0. 2
0. 1
0.1
0. I
c. t
0. I
0.0
0.0
WflfUT *, 1 A UI1 J
ONE OR
MORE OF
THE THREE
STATIONS
91.2
93.8
94.9
95. 6
96.4
96.8
97.2
97.6
97.9
98.3
98.6
98.8
98.9
99. I
99.3
99. 3
99.4
99. 5
99.6
99. 7
100.0
95.4
97.3
98.0
98.3
98. 7
98.8
99. I
99.2
99.3
99.6
99. 7
99. 8
99.8
99.8
99.9
99.9
99. 9
99.9
99.9
100.0
1 00.0
TWO OR
MORE OF
THE THREE
STATIONS
67.1
71.7
74.6
76.7
79.0
80.6
82. 3
83.7
85.3
86.6
87.6
88.2
89.0
89.8
90. 7
91.3
92.3
93.1
93.9
94.5
100. 0
81.6
85.9
88.2
89.6
91.3
92.2
93.2
93.9
94.7
95.6
96. 0
96.4
96.8
97.1
97.5
97.7
98.0
98.3
98.6
98.8
100. 0
ALL OF
THE
THREE
STATIONS
28.6
33.3
36.6
38.8
41.3
44.0
46.7
48.5
51.2
53.2
55.0
56.3
57.7
59.2
61.4
62.9
65.3
66.9
69.7
72.0
100. 0
45.8
51.9
55.9
58.6
61.7
64.1
66.5
68.4
71.1
73.2
74.9
76.0
77.3
78.6
80.5
81.6
83.4
84.7
86.6
87.8
100.0
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PROBABILITY OF CLEAR LINE-OF-SIGHT FOR SIMULATED ORBIT READOUT 
ORBIT K, 2 STATIONS
YUM AT 10MST AND LND AT 10MST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
JULY
CLEAR
LINE-OF-
SIGHT
(PERCENT)
= 100
*>95
= >90
= >85
*>80
= >75
= >70
*>65
»>60
«>55
«>50
*>45
= >40
= >35
«>30
*>25
= >20
= >15
*>10
*> 5
»> 0
= 100
*>95
= >90
*>85
*>80
»>75
*>70
*>65
= >60
*>55
= >50
*>45
= >40
«>35
«>30
»>25
»>20
*>15
»>10
«> 5
«> 0
NONE OF
THE
TWO
STATIONS
14.1
11.2
9.5
8.6
7.5
6.7
6.0
5.4
4.7
4.0
3.6
3.3
3.0
2.6
2.3
2.1
1.9
1.7
1.3
1.2
0.0
7.6
5.0
3.8
3.22.*5
2.2
1.7
1.4
1.1
0.8
0.6
0.5
0.4
0.3
0.3
0.2
0.2
0.2
0.1
0.1
0.0
«*UI11S* 1 I VJIHO
ONE OR
MORE OF
THE TWO
STATIONS
85.9
8*.8
90.5
91.4
92.5
93.3
94.0
94.6
95.3
96.0
96.4
96.7
97.0
97.4
97.7
97.9
98.1
98.3
98.7
98.8
100. 0
92.4
95.0
96.2
96.8
97.5
97.8
98.3
98.6
98.9
99.2
99.4
99.5
99.6
99.7
99.7
99.8
99.8
99.8
99.9
99.9
100.0
BOTH OF
THE
TWO
STATIONS
41.2
46.6
50.3
52.9
55.5
58.2
60.9
62.9
65.7
67.7
69.4
70.6
71.8
73.0
74.9
76.1
78.1
79.4
81.4
83.0
1 00.0
59.2
64.9
68.4
70.8
73.5
75.5
77.5
79.2
81.2
82.9
84.2
85.0
86.0
86.9
88.2
89.0
90.2
91.1
92.4
93.1
100.0
10-43
ACKNOWLEDGMENT
The authors wish to thank Kenneth M. Nagler of 
the National Weather Service and Lester F. Hubert 
and Stanley Soules of the National Enviornmental 
Satellite Service for their various comments and 
helpful suggestions. Also thanks to Gerald F. 
Breier of the Spaceflight Meteorology Group for 
drafting the figures.
McCabe, John T. (1965), "Estimating Mean Cloud 
and Climatological Probability of Cloud-Free 
Lines-of-Sight, " ETAC Technical Report 186, 
26 pp.
REFERENCES
Appleman, Herbert S. (1962), "A Comparison of 
Simultaneous Aircraft and Surface Cloud Obser­ 
vations, " Journal of Applied Meteorology, Vol. 
1, pp. 548-551.
Bandeen, William R. (1961), "Earth Oblateness 
and Relative Sun Motion Considerations in the 
Determination of an Ideal Orbit for the NIMBUS 
Meteorological Satellite, " Meteorology Branch, 
Goddard Spaceflight Center, NASA, Greenbelt, 
Maryland, 14 pp.
Bertoini, Eugene A. (1970), "Clear Lines-of - 
Sight from Aircraft, " Proceedings of the Fourth 
National Conference on Aero-Space Meteorology, 
pp. 320-324.
Brown, S. C. (1970), "Simulating the Consequence 
of Cloud Cover on Earth-Viewing Space Missions, " 
Bulletin of the American Meteorological Society, 
Vol. 51, pp. 126-131.
Cravet, Harland R. (1968), "Aerial Photographer's 
Clear Day Map, " Color Manual by American 
Society of Photogrammetry, pp. 29-40.
Environmental Data Service, ESSA, (1968), 
"Climatic Atlas of the United States, " pp. 65-68.
Fox, Roy L. (1961), "Sunshine-Cloudiness Rela­ 
tionships in the United States, " Monthly Weather 
Review, Vol. 89, pp. 543-548.
Lund, Iver A. (1965), "Estimating the Probability 
of Clear Lines-of-Sight from Sunshine and Cloud 
Cover Observations, " Journal of Applied Meteo­ 
rology, Vol. 4, pp. 714-722.
Lund, Iver A. (1966), "Methods of Estimating the 
Probability of Clear Lines-of-Sight, or Sunshine, 
Through the Atmosphere, " Journal of Applied 
Meteorology, Vol. 5, pp. 625-630.
10-44
Figure 1. Locations of stations comprising the hypothetical ground receiving network. The stations 
are Yuma, Ariz. (YUM), Lander, Wyo. (LND), Amarillo, Tex. (AMA), Evansville, Ind. (EVV), 
Tampa, Fla. (TPA), and Washington, B.C. (DCA).
TIME 
ZONE
EST
CST
MST
PST
\
T
A 
B 
C
D
E 
F
G 
H
1
J 
K
0900 LST
Entire pass can be tracked 
by these stations.
4 6 
4 5,6 
3 4,5,6
3 4,5,6 
2 3,4,6 
23,4,
1 2,3,4 
1 2 ,3 
1 2,3
12,3 
1 2
^<mm.:v: X'-^/^p:,x-v^v^lr•X/ /-.A *
COVERAGE BY 
Q 1 STATION
H| 2 STATIONS 
U| 3 STATIONS
JH 4 OR MORE 
^ STATIONS
Figure 2. Satellite paths (A through K) chosen for operational simulation. Paths are 
superimposed over the receiving station network. A circle shows the horizontal range 
of each station. The shaded areas indicate possible coverage by two, three, and four 
or more stations.
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Figure 3. Regression equations developed by relating average opaque sky cover for each 
hour to minutes per hour of sunshine. Curves are average values over a 5-year period 
(1965-69) for Salt Lake Qfcy, Utah, Washington, D. C. , Evansville, Ind. , and Amarillo, 
Tex.
tO-4»
January
YUM 
LND 
AMA 
EVV 
TPA 
DCA
1.00
0.04
0. 10
0.06
-0. 15
-0.03 
YUM
1. 00 
0.01 
-0. 04 
0. 07 
0.05 
LND
1.00
0.08
-0.01
-0. 13 
AMA
1.00
0.26
-0. 10
EVV
1.00 
0.24 
TPA
1. 00 
DCA
July
YUM 
LND 
AMA 
EVV 
TPA 
DCA
1. 00
-0. 08 
0. 10
-0.04 
0.01
-0.03 
YUM
1. 00
-0. 04
-0. 11 
0. 16 
0.04 
LND
1.00 
0.06 
0. 19 
-0. 01 
AMA
1.00
0.09
-0. 12
EVV
1. 00 
0. 04 
TPA
1. 00 
DCA
Table 1. Linear correlation coefficients for cloud amounts for all possible combinations 
of network stations, for January and July. No significant dependence is indicated.
Selected
combinations
of network
stations January
Probability of a clear line-of-sight
Percent 
April July October Annual
1.
2.
3.
4.
5.
6.
1 * 
1 *
2 &
2 & 4
(YUM) 
(LND) 
(AMA) 
(EVV) 
(TPA) 
(DCA)
2
3
3
4 & 5
4 & 6
5 & 6
1. 2 & 3
2. 3 & 4
3. 4 & 5
4. 5 & 6
83
66
71
46
63
46
94
95
90
82
84
89
80
71
80
98
95
93
93
94
66
75
65
74
57
98
99
91
88
91
93
91
85
89
99+
97
98
96
92
76
81
82
61
64
98
99
95
96
97
93
93
94
86
99+ 
99 
99 
97
93
67
76
73
67
61
98
98
92
91
93
92
91
89
88
99
98
98
96
91
69
76
65
68
58
97
98
91
89
91
92
91
86
87
99
97
97
95
Table 2. Probability of a clear line-of-sight at individual stations and at selected two- 
and three-station combinations, assuming monthly mean sunshine percentage to be 
equivalent to the probability of having a clear line-of-sight.
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SUN *
*
60MIN
57MIN
54MIN
51MIN
48MIN
45MIN
42MIN
39MIN
36MIN
33MIN
30MIN
27MIN
24MIN
21MIN
18MIN
15MIN
12MIN
9MIN
6MIN
3MIN
OMEN
SUN *
*
60MIN
57MIN
54M1N
51MIN
4BMIN
45MIN
42MFN
39MIN
36MIN
33MIN
30MIN
27MIN
24MIN
21HIN
18HIN
15MIN
12MIN
9MIN
6MIN
3MIN
OMIN
100)
95)
$0)
85)
80)
75)
70)
65)
60)
55)
50)
45)
40)
35)
30)
25)
20)
15)
10)
5)
0)
100)
95)
90)
85)
«0)
75)
70)
65)
60)
55)
50)
45)
40)
35)
30)
25)
20)
15)
10)
5)
0)
CLR
0.970
0.976
0.978
0.982
0.982
0.984
0.988
0.988
0.992
0.994
0.994
0.998
0.998
1.000
1.000
I. 000
1.000
1.000
1.000
1.000
I. 000
CLR
0.991
0.998
1.000
1.000
1.000
1.000
1.000
1.000
I. 000
I. 000
1.000
1.000
1.000
uooo
1.000
1.000
1.000
I. 000
1.000
uooo
uooo
1/10
0.810
0.843
0.863
0.889
0.895
0.902
0.90*
0.915
0.915
0.922
0.928
0.935
0.941
0.948
0.961
0.974
0.974
0.980
0.987
0.993
UOOO
1/10
0.901
0.953
0.961
0.966
0.974
0.974
0.983
0.983
0.987
UOOO
uooo
uooo
1.000
uooo
uooo
uooo
uooo
1.000
1.000
uooo
1.000
JAN (
2/10
0.683
0.741
0.770
0.791
0.813
0.820
0.849
0.871
0.885
0.892
0.928
0.942
0.950
0.964
0.964
0.964
0.971
0.971
0.978
0.978
1.000
JUL C
2/10
0.397
0.922
0.953
0.961
0.974
0.974
0.987
0.987
0.991
0.996
0.996
UOOO
1.000
uooo
uooo
1.000
uooo
1.000
1.000
uooo
1.000
3PAQUE
3/10
0.531
0.577
0.600
0.631
0.685
0.700
0.723
0. 746
0.754
0.800
0.800
0.823
0.838
0.846
0.892
0.908
0.915
0.938
0.946
0.962
1.000
3PAQUE
3/10
0.704
0.825
0. 862
0. B94
0.942
0.958
0.963
0.968
0.968
0.979
0.984
0.989
0.995
0.995
0.995
0.995
0.995
0.995
1.000
1.000
UOOO
CLOUD
4/10
0.434
0.557
0.594
0.651
0.679
0.698
0.717
0.745
0.774
0.783
0.783
0.802
0.811
0.811
0. 821
0.858
0. 887
0.906
0.906
0.906
1.000
CLOUD
4/10
0.549
0.632
0. 701
0.778
0.833
0.861
0.875
0.917
0.931
0.931
0.938
0.938
0.965
0.979
0.979
0.979
0.993
1.000
1.000
UOOO
I. 000
COVER
5/10
0.211
0.246
0.333
0.351
0.386
0.421
0.439
0.456
0.474
0.491
0.544
0.596
0.614
0.614
0.684
0.702
0.737
0. 754
0.789
0.825
UOOO
COVER
5/10
0.446
0.590
0.687
0.711
0.723
0.771
0.819
0.831
0.880
0.904
0.952
0.964
0.964
0.964
0.976
0.976
0.976
0.976
0.976
0.988
1.000
6/10
0.243
0.365
0.378
0.378
0.392
0.419
0.486
0.541
0.581
0.581
0.608
0.622
0.649
0.649
0.662
0.676
0.716
0.730
0.770
0.811
1.000
6/10
0.327
0.385
0.423
0.490
0.529
0.625
0.702
0.779
0.837
0.875
0.885
0.894
0.913
0.913
0.933
0.933
0.952
0.952
0.952
0.962
1.000
7/10
0.143
0.238
0.238
0.270
0.302
0.365
0.381
0.413
0.444
0.460
0.492
0.508
0.603
0.651
0.667
0.667
0. 714
0.730
0.778
0.825
UOOO
7/10
0.244
0.326
0. 384
0.407
0.453
0.512
0.558
0.605
0.674
0.721
0.767
0. 791
0.826
0.837
0.872
0.884
0.895
0.895
0.942
0.942
1.000
8/10
0.116
0.126
0.147
0.168
0.189
0.242
0.274
0.305
0.337
0.368
0.389
0.400
0.421
0.432
0.453
0.505
0.537
0.568
0.611
0.653
UOOO
8/10
0.090
0.140
0.200
0.220
0.290
0.310
0.330
0.360
0.400
0.470
0.510
0.530
0.550
0.640
0.690
0.710
0.730
0.790
0.830
0.860
1.000
9/10 OVC
0.098 0.004
0.110 0.011
0.146 0.014
0.146 0.014
0.146 0.014
0.171 0.014
0.183 0.015
0.220 0.015
0.268 0.020
0.293 0.023
0.354 0.028
0.378 0.030
0.402 0.032
0.427 0.041
0.427 0.048
0.439 0.059
0.500 0.073
0.512 0.083
0.573 0.098
0.646 0.120
uooo uooo
9/10 OVC
D.057 0.013
0.086 0.013
0.129 0.013
0.171 0.017
0.200 0.027
0.214 0.037
0.257 0.051
0.286 0.051
0.357 0.057
0.386 0.067
0.429 0.071
0.457 0.088
0.471 0.101
0.471 0.125
0.543 0.148
0.614 0.168
0.700 0.205
0.757 0.229
O.«00 0.279
0.829 0.327
1.000 1.000
Table 3. Probability of hourly sunshine equal to or exceeding specified 
number of minutes for each tenth of opaque sky cover for January and 
July. Numbers in parenthesis give corresponding percentage of hourly 
sunshine.
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JANUARY
CLEAR 
LINE-0 F-
SIGHT
(PERCENT)
*100 
*>95
*>90 
«>85
*>80
*>75 
= >70 
»>65 
= >60 
»>55 
*>50
*>45 
«>40
»>35
*>30
*>25
*>20
»>15
»>10
= > 5
= > 0
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE 
OF-SIGHT AT INDIVIDUAL NETWORK STATIONS
OCA
47.4 
50.5
52.3 
53.5
55.3
56.4 
57.7 
58.3 
59.4 
60.6 
61.2
62.2 
63.1
64.5
65.9
66.8
68.5
69.8
72.1
74.1
100.0
TPA
49.1 
52.1
53.9 
55.1
56.7
58.1 
59.8 
60.8 
62.4 
63.8 
64.7
65.7 
66.6
67.7
69.3
70.5
72.3
73.6
75.8
77.6
100.0
EVV
39.1 
41.4
42.8 
44.0
45.6
46.8 
48.1 
48.8 
49.9 
51.0 
51.7
52.7 
53.7
55.2
56.8
58.0
60.2
61.6
64.4
66.8
100.0
AHA
58.4 
61.3
63.0 
64.4
65.9
67.3 
68.7 
69.7 
70.9 
72.0 
72.6
73.3 
74.1
75.0
76.1
76.8
78.1
79.0
80.6
82.0
100.0
LND
52.7 
58.9
62.6 
65.2
68.0
70.9 
73.4 
75.6 
78.1 
80.0 
81.5
82.4 
83.5
84.3
85.7
86.4
87.6
88.4
89.8
90.7
100.0
YUM
73.0 
75.7
77.4 
73.6
79.8
80.8 
81.9 
82.8 
83.9 
84.6 
85.3
85.8 
86.4
86.9
a*r oO i . O
88.4
89.4
90.0
90.9
O1 7 7 1 . f
100.0
JULY
-100
= >95
*>90
085
*>80
= >75
*>70
= >65
= >60
= >55
= >50
= >45
= >40
= >35
= >30
*>25
*>20
»>15
= >10
«> 5
»> 0
49.7
52.9
54.9
56.5
58.4
59.8
61.2
62.2
63.5
64.7
65.3
66.2
67.1
68.4
69.7
70.6
72.4
73.6
75.6
77.3
100.0
47.0
52.4
56.0
58.6
61.4
64.0
66.4
68.5
71.0
73.1
74.8
75.8
77.0
78.4
80.2
81.2
82.8
84.1
85.9
87.2
100. 0
61.4
65.4
67.8
69.5
71.4
72.8
74.2
75.3
76.6
77.8
78.6
79.3
80.1
81.0
82.1
82.7
83.9
84.8
86.1
87.2
100. 0
66.5
70.4
72.6
74.3
76.1
77.6
79.2
80.4
81.8
83.1
83.8
84.5
85.2
85.8
86.8
87.4
88.5
89.1
90.2
91.0
100.0
78.2
82.1
84.4
85.9
87.5
88.6
89.7
90.6
91.7
92.5
93.2
93.6
94.2
94.6
95.1
95.4
96.0
96.4
96.9
97.2
100.0
73.0
77.0
79.4
80.9
32.8
83.9
85.2
86.3
87.7
83.9
89.8
90.4
91.1
91.8
92.7
93.2
94.0
94.6
95.5
96.0
100. 0
Table 4. Percent probability of specified clear line-of-sight conditions, for the 
six individual network stations at 0900 local standard time.
10-49
PROBABILITY OF CLEAR L1NE-OF-SIGHT FOR SIMULATED ORBIT READOUT
ORBIT B» 3 STATIONS
EVV AT SCSTt TPA AT 9EST AND OCA AT 9EST
PERCENT PROBABILITY OF SPECIFIED CLEAR LINE-
JANUARY
CLEAR
LINEH3F-
S1GHT
I PERCENT I
*iOO 
»>95
*>90 
«>85
*>80 
«>75
*>70 
«>65
*>60 
»>55 
«>50 
»>45 
»>40
*>3Q
= >25 
»>20
> 5 
0
NONE OF
THE
THREE
STATIONS
24.5
21.3
19.7
18*?
11.3
16.4
15.3
14.6
13*8
12*9
12.4
11.9
11.5
10.9
1.0.3
9.9
9.3
8.8
8.0
7.4
0.0
• UINIIJ t 1 1UW3
ONE OR
MORE OF
THE THREE
STATIONS
75. 5
78.7
80.3
81.3
82*1
83*6
84*1
85.4
86.2
01*1
87.6
38.1
88.5
89.1
89. 7
90. 1
90.7
91.2
92.0
92.6
100.0
TWO OR
MORE OF
THE THREE
STATIONS
43.9
47.5
49.6
51.2
53.2
54.8
56.4
57.5
59.0
60.4
61.4
62.4
63. 4
64. 1
66.3
67. 5
69.4
70.8
73.1
75. I
100.0
ALL OF
THE
THREE
STATIONS
15.2
16.9
18.2
19.3
20.9
22.3
24.0
24.7
26.1
27.5
28.4
29.9
31.2
33.3
35.6
37.5
40.7
42.9
47.0
50.6
100.0
100
>85
>75 
>7O
«>40
> f 
> §
14.3
10.5
8* § 
7.6 
6*2 
5. 3 
4.4 
3*6 
2.9 
2.3 
1.9 
1.7 
1.4 
1.3 
1.0 
1.0 
0.7 
0.7 
0.5
0* +
o. a
85.7 
89.5 
91.2 
92.4 
93.8 
94. 7 
95.6 
96.4 
97. I 
97*7 
98*1 
98.3 
98. 6 
98*7 
99.0 99. 0' 
99* 3 
99.3 
99. 5 
99.6
52.2
57.5
61. 1
63.7
66.5 
68.8 
71.1 
73.0 
75. 3 
77.3 
78.7 
79.6 
80* 7 
81.9 
83.6 
84.5 
86.0 
87.3 
88.7 
89.9 
100. 0
18.7
22.0
24.4
26.3
28.7
30.9
33.1
34.6
36.8
38.9
40.3
41.8
43.3
45.4
48.0
49.8
52.8
55.1
58.7
61.7
100.0
5,f of specified clear line-of-sight conditions, for simulated
B, in. of that orbit. Local, times of passage are as
* - and DCA - 09QQ EST.
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Orbits
Data
transmission 
time (0900) Stations
January
Data receipt
(clear line-of-sight)
100% 90% 80%
July
Data receipt 
(clear line-of-sight) 
100% 90% 80%
Individual
network
stations
A, B, C 
A, B, C
D, E, F 
D, E, F
G, H, I 
G, H, I
J, K 
J, K
Designated
network
combinations
A 
B 
C
D
E 
F
G 
H 
I
J 
K
EST 
EST
CST 
CST
MST 
MST
PST 
PST
DCA 
TPA
EVV 
AMA
LND 
YUM
LND 
YUM
EST 
EST 
EST
CST 
CST 
CST
MST 
MST 
MST
PST 
PST
EVV, DCA 
EVV, TPA, DCA 
AMA, EVV, TPA, DCA
AMA, EVV, TPA, DCA
LND, AMA, EVV, DCA
LND, AMA, EVV
YUM, LND, AMA, EVV 
YUM, LND, AMA 
YUM, LND, AMA
YUM, LND, AMA 
YUM, LND
47.4
49. 1
39. 1
58.4
52.7
73.0
54. 1
73. 1
61.4
75. 5
87.9
88. 5
88.6
84.2
92.7
90.3
90. 3
91.2
85.9
52.3
53.9
42.8
63.0
62.6
77.4
63.5
77.3
66.2
80. 3
91. 1
92. 1
92.5
89. 1
96. 0
94. 1
94. 1
94.9
90.5
55.3
56.7
45.6
65. 9
68.0
79.8
68.4
79.7
69.0
82.7
92.3
93.7
94. 3
91.4
97. 2
95.7
95. 7
96.4
92.5
49. 7
47. 0
61.4
66.5
78.2
73.0
77.2
74. 5
76.2
85. 7
91. 1
91.2
96.0
94.4
96.6
95.7
95.7
95.4
92.4
54.9
56. 0
67.8
72.6
84.4
79. 4
83. 8
80. 7
81. 5
91. 2
95. 3
95. 5
98. 5
97.2
98. 6
98. 1
98. 1
98. 0
96.2
58.4
61.4
71. 4
76. 1
87.5
82. 8
87. 0
84.0
84. 4
93.8
96. 9
97. 3
99. 2
98. 1
99.0
98.8
98.8
98. 7
97. 5
Table 6. An abbreviated summary of results of simulated operations for both individual and combinations 
of network stations for data being received at 0900 LST. Percentage probabilities are given for the 
occurrence of 100, 90, or 80 percent data receipt (clear line-of-sight conditions).
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